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(57) Abstract 

A medical device such as a catheter (10) is described having a stiff, preferably metallic, proximal tube (21). The distal portion of 
the proximal tube may have a plurality of perforations or slots formed therein to increase its flexibility. This provides a smooth transition 
between the relatively stiff proximal tube and a more flexible distal polymeric tube (22). 



FOR THE PURPOSES OF INFORMATION ONLY 
applicauSlX K5* ^ '° PCT °" te front ™« ° f P->P>"«s pubUshing international 



AT 

AU 

BB 

BE 

BF 

BG 

BJ 

BR 

BV 

CA 

CF 

CG 

CH 

CI 

CM 

CN 

CS 

cz 

DE 

DK 

ES 

FI 

FR 

GA 



Aiisrria 

Australia 

Barbados 

Belgium 

Burkina Faso 

Bulgaria 

Benin 

Brazil 

Belarus 

Canada 

Central African Republic 

Congo 

Switzerland 

Cdte d'lvoire 

Cameroon 

China 

Czechoslovakia 

Czech Republic 

Germany 

Denmark 

Spain 

Finland 

France 

Gabon 



GB 


United Kingdom 


GE 


Georgia 


GN 


Guinea 


GR 


Greece 


HU 


Hungary 


IE 


Ireland 


IT 


Italy 


JP 


Japan 


KE 


Kenya 


KG 


Kyrgystan 


KP 


Democratic People's Republic 




of Korea 


KR 


Republic of Korea 


KZ 


Kazakhstan 


LI 


Liechtenstein 


LK 


Sri Lanka 


LU 


Luxembourg 


LV 


Latvia 


MC 


Monaco 


MD 


Republic of Moldova 


MG 


Madagascar 


ML 


Mali 


MN 


Mongolia 



MR 


Mauritania 


MW 


Malawi 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


PT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TT 
UA 


Trinidad and Tobago 


Ukraine 


US 


United Stales of America 


UZ 


Uzbekistan 


VN 


Viet Nam 



WO 95/24236 



PCT/IB95/00075 



•1- 

5 CATHETER H AVING SHAFT OF VARYING STIFFNFSS 

Background of the invention 
This invention relates to an improved catheter, more particularly a balloon 
catheter for use in angioplasty. This invention is even more particularly adapted for use 
as a balloon dilatation catheter in percutaneous transluminal coronary angioplasty 

10 (PTCA). A PTCA procedure is used to dilate the stenosed region of a diseased 
coronary blood vessel. In a typical PTCA procedure, a guide catheter is introduced in 
a peripheral artery, such as the femoral artery, and advanced through the aorta until the 
distal end of the guide catheter is engaged with the coronary ostium for the coronary 
artery to be treated. Next a balloon dilatation catheter is introduced over a guidewire 

1 5 which has been introduced through the guide catheter. The guidewire is advanced past 
the distal end of the guide catheter within the lumen of the diseased vessel and 
manipulated across the region of the stenosis. The balloon dilatation catheter is then 
advanced past the distal end of the guide catheter over the guidewire until the balloon 
is positioned across the stenotic lesion. The balloon is inflated by supplying a fluid 

20 under pressure to the balloon through an inflation lumen in the catheter. Inflating the 
balloon stretches the diseased artery to reestablish acceptable blood flow through the 
artery. 

A typical over the wire balloon dilatation catheter has two lumens extending 
through substantially the entire length of the catheter. One lumen is used to pass the 
25 guidewire through the catheter and extends from a proximal guidewire port to a distal 
guidewire port located distal of the baJloon. The other lumen is used to inflate and 
deflate the balloon and extends from a proximal inflation port adjacent to the proximal 
end of the catheter to a distal inflation port which is in communication with the baJloon 
cavity. 

30 A typical rapid exchange balloon dilatation catheter has a single inflation lumen 

extending from the proximal end of the catheter to the distal inflation port which is in 
communication with the balloon cavity. The guidewire lumen extends through only the 
most distal portion of the catheter from a proximal guidewire port, which is proximal of 
the balloon but distal to the proximal end of the catheter, to a distal guidewire port in 

35 the distal end of the catheter. This configuration facilitates the maintenance of the 
location of the guidewire across the stenosis during catheter exchange. 



WO 95/24236 



PCI7IB95/00075 



— . £ Z d " a, * ,lon ~~ hK ■ **• * - - 

conneotad .nereto. Tne ffxed .„ fe „ as », guide*. te steer , he ^J^M 
5 • separate guldewire Is not needed. 

anoio ,"T d8 ' " " Da "° 0n di,a,a "° n Ca "' e,e ' OP " m * '° * •»■» in an 

and a „ prexlmal portlo „ ^ ^ ^ ^ ^ n 

N-* the tr^on betwe „ ^ ^ ^ ^ ^» 

^ uM b ~.-.dsho u ,d avoid areas oth* stress eoncentranon. 

•n o P «mum oombination o. Was. "°"" e ^ "* 

a sn,a,, Th T re " ""*' """^ *° "** ' b «><>°° *— » «*e,er that has 

a smo IT"" 1 " e deSlrab,e '° * ball0 °" <■"— 1 catheter tha, has 

Summary of the Invent.™ 



WO 95/24236 



PCT/1B95/00075 



-3- 

the distal portion. This increased flexibility of the distal portion of the proximal tube 
facilitates the transition from the relatively stiff portion to a more flexible portion and 
avoids a region of high stress concentration. Preferably the transition zone is formed 
with a plurality of discrete perforations arranged generally in rows. The perforations in 
5 one row are offset from the perforations in an adjacent row. In addition, preferably the 
perforations in one row extend at least partially into the space between the perforations 
in an adjacent row. 

Although the present invention has particular applicability to balloon dilatation 
catheters, it is also applicable to other medical devices having the same requirements 
10 of a stiff proximal portion, a flexible distal portion and a smooth transition between the 
stiff proximal portion and the flexible distal portion to avoid areas of high stress 
concentration. For example, this invention could be used as part of a stent delivery 
catheter, guide catheter or diagnostic catheter. 

Brief Description of the Drawings 
15 The above and other objects and advantages of this invention will become 

apparent upon consideration of the following detailed description taken in conjunction 
with the accompanying drawings, in which like reference characters refer to like parts 
throughout and in which: 

FIG. 1 is a partial section side elevation view of one embodiment of an over the 
20 wire balloon dilatation catheter of this invention; 

FIG. 2 is a partial section side elevation view of a second embodiment of an 
over the wire balloon dilatation catheter of this invention; 

FIG. 3 is a partial section side elevation view of a third embodiment of a rapid 
exchange balloon dilatation catheter of this invention; 
25 FIG. 4 is a sectional view taken along line 4-4 of FIG. 3; 

FIG. 5 is a sectional view taken along line 5-5 of FIG. 3; 
FIG. 6 is an enlarged perspective view of the transition zone of the proximal 
inner tube of FIG. 1 ; 

FIG. 7 is a perspective view of the proximal inner tube of FIG. 1. 
30 FIG. 8. is a side elevation view of a portion of the transition zone of FIG. 6; 

FIG. 9 is a partial section side elevation view of a fourth embodiment of a fixed- 
wire balloon dilatation catheter of this invention; and 
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bond connecting the multiple pieces of inflation tube 30 is proximal to the area of the 
bond connecting the multiple pieces of guidewire tube 20. 

Inflation tube 30 should be flexible and lubricous and should be able to 
withstand pressures in the range of up to about 20 atmospheres (294 psi) (2.03 MPa) 
5 which is the maximum inflation pressure that may be used to inflate balloon 40. 
Suitable materials for inflation tube 30 include high density polyethylene, polyimide, and 
various other polymeric materials. These materials preferably have a flex modulus in 
the range of 10,000 psi to 500,000 psi (68.95 MPa to 3447.36 MPa). In addition, a wall 
thickness in the range of 0.001 inches to 0.005 inches (0.025 mm to 0.13 mm) and an 

10 outer diameter in the range of 0.030 inches to 0.050 inches (0.76 mm to 1.27 mm) 
should be used for inflation tube 30 to minimize the profile of catheter 10. 

If multiple tube pieces are used for inflation tube 30, proximal inflation tube 31 
should have the characteristics of inflation tube 30 described above. Distal inflation 
tube 32, like proximal inflation tube 31 , should be able to withstand pressures of up to 

15 20 atmospheres (294 psi) (2.03 MPa). However, distal inflation tube 32 should be more 
flexible than proximal inflation tube 31 to allow the distal portion of catheter 10 to be 
guided through the tortuous passages of the vasculature. Suitable material for distal 
inflation tube 32 includes polyethylene or other polymers having a flex modulus in the 
range of 10,000 psi to 500,000 psi (68.94 MPa to 3447.4 MPa). Again the wall 

20 thickness of distal inflation tube 32 should be in the range of 0.001 inches to 0.005 
inches (0.025 mm to 0.13 mm) and distal inflation tube 32 should have an outer 
diameter in the range of 0.030 inches to 0.050 inches (0.76 mm to 1.27 mm) to 
minimize the profile of catheter 10. 

Where multiple tube pieces are used for inflation tube 30, the distal end of 

25 proximal inflation tube 31 is bonded to the proximal end of distal inflation tube 32 by 
heat. Although heat bonding is preferred, any suitable bonding technique, such as the 
use of a chemical adhesive, could also be used. 

The proximal neck of balloon 40 is bonded adjacent the distal end of distal 
inflation tube 32. Alternatively, if a single tube piece is used, the proximal neck of 

30 balloon 40 is bonded adjacent the distal end of inflation tube 30. Again, heat bonding 
is preferred although other suitable bonding techniques can be used. 

Although guidewire tube 20 may be a single tube piece, it is preferably formed 
from multiple pieces. Preferably a proximal guidewire tube 21 and a distal guidewire 
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tube 22 can be placed over or inside the distal portion of proximal guidewire tube 21 
and adhered to the outer or inner surface of proximal guidewire tube 21. 

Although balloon dilatation catheter 10 is described above as having a stiff 
proximal guidewire tube 21, preferably formed from metal, ft is also possible to have 
5 proximal inflation tube 31 formed from a stiff material, preferably metal. See FIG. 2. In 
such a case, proximal inflation tube 31 would have the properties and characteristics 
described above for proximal guidewire tube 21 and, conversely, proximal guidewire 
tube 21 would have the properties and characteristics described above for proximal 
inflation tube 31. It is important to note, however, that if proximal inflation tube 31 is 

10 formed from metal, the stiffness of the resulting catheter will be substantially greater 
than where proximal guidewire tube 21 is formed from metal. This results from the 
increased size of the metal tube used. In certain circumstances, this substantial 
increase in stiffness would be undesirable. 

In addition, the balloon dilatation catheter could have a rapid exchange 

15 configuration as shown in FIG. 3. Such a rapid exchange balloon dilatation catheter 
100 has a proximal single lumen shaft 1 10 and a stem 120 affixed to the distal end of 
proximal shaft 110, which together define the inflation lumen. In addition, a short 
guidewire tube 130 which has a coaxial arrangement with stem 120 can be heat 
bonded to stem 120 to provide the configuration shown. Alternatively, the stem and 

20 guidewire tube could be formed from a single bilumen tube piece that defines both the 
distal portion of the inflation lumen and the entire guidewire lumen that extends through 
the balloon 140. The proximal neck of balloon 140 is bonded to stem 120 and the 
distal neck of balloon 140 is bonded to guidewire tube 130. As with balloon catheter 
10, a soft bumper tip can be affixed to the distal end of guidewire tube 130. In a 

25 balloon dilatation catheter of this configuration, proximal shaft 110 is formed of a stiff 
material, preferably metal. 

Alternatively, the balloon dilatation catheter could be of the fixed-wire type. See 
FIG, 9. Such a fixed-wire catheter 200 has a proximal single lumen shaft 210 and a 
stem 220 affixed to the distal end of proximal shaft 210, which together define the 

30 inflation lumen. A wire 230 is fixedly attached to catheter 200 and extends through the 
balloon 240. In the embodiment shown, wire 230 is bonded to proximal shaft 210. The 
proximal neck of balloon 240 is bonded to stem 220 and the distal neck of balloon 240 
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guidewire tube 21 perpendicular to its longitudinal axis. The area moment of inertia is 
defined as 

JY 2 dA 

where Y is the distance to the longitudinal axis and A is the area. This area moment 
5 of inertia can be reduced by reducing the cross-sectional area of proximal guidewire 
tube 21. Reducing the area moment of inertia decreases the stiffness of proximal 
guidewire tube 21 at that point. Preferably the area moments of inertia should decrease 
gradually, not abruptly. In addition, the area moments of inertia taken through 
substantially the entire length of the transition zone should be less than the area 

1 0 moments of inertia taken along the proximal portion of proximal guidewire tube 21 . 
This ensures that the stiffness of proximal guidewire tube 21 gradually decreases to 
approach the stiffness of distal guidewire tube 22. 

Another important factor to help identify whether proximal guidewire tube 21 has 
the appropriate characteristics to be used in a balloon dilatation catheter is the location 

1 5 of the centroid for the cross-section defined above in connection with the area moment 
of inertia. Preferably this centroid should be at or close to the longitudinal axis of 
proximal guidewire tube 21. 

One particularly preferred configuration for the transition zone of proximal 
guidewire tube 21 is to have the perforations arranged in rows with two perforations in 

20 each row. One perforation in each row should be located 180o from the other 
perforation in that row. Each perforation in one row is offset from the perforations in 
the adjacent rows by 90© and extend at least partially into the space between the 
perforations in an adjacent row. Preferably the center to center distance between 
perforations in adjacent rows is 0.005 inches to 0.080 inches (0.13 mm to 2.03 mm). 

25 This configuration ensures that throughout the majority of the length of the transition 
zone, there are no complete annular bands of proximal guidewire tube 21 defining a 
region with an area moment of inertia equal to the area moment of inertia of a cross 
section of proximal guidewire tube 21 taken along the proximal portion of proximal 
guidewire tube 21 . Preferably, an annular band is left at the very distal end of proximal 

30 guidewire tube 21 for structural integrity. The perforations in every other row are 
aligned with each other along the longitudinal axis of proximal guidewire tube 21 . 
Where proximal guidewire tube 21 has an outer diameter of 0.025 inches (0.64 mm) 
each perforation preferably has a length (L) of 0.010 inches to 0.090 inches (0.25 mm 
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end of guidewire tube 21. This leaves an annular ring at the distal end of guidewire 
tube. Alternatively, the slots could extend to the very distal end of guidewire tube 21 
so there would be no annular ring. See FIG. 13. In addition, instead of being tapered, 
the slots could have a uniform width or could be wavy. Again these slots could extend 
5 to the very distal end of guidewire tube 21 as in FIG. 14, or could terminate just short 
of the distal end to leave an annular ring as In FIG. 13. The embodiment of FIG. 13 
also shows a different number of slots. Moreover the slots could each have various 
lengths. 

The perforations and slots described above can be formed by any standard 

10 method. For example, electrodischarge machining, chemical etching, mechanical 0 
cutting or grinding, or the use of an eximer laser could provide the desired 
configuration for the stiff, preferably metallic, tube. 

It is to be understood that the above description concerning the distal portion 
of proximal guidewire tube 21 can be applied to the entire length of proximal guidewire 

15 tube 21 or any other length to increase the flexibility of that portion of proximal 
guidewire tube 21 . This description can also apply to any stiff, preferably metallic, tube 
of any type of medical device where a smooth transition is needed between a stiff 
portion and a more flexible portion. 

The proximal portion of distal guidewire tube 22 is connected to the distal end 

20 of proximal guidewire tube 21 . In order to make guidewire tube 20 fluid tight, a tube 
must cover the perforations formed in the distal portion of proximal guidewire tube 21 . 
The proximal end of distal guidewire tube 22 is placed against the distal end of proximal 
guidewire tube 21. A sleeve that is formed of the same material used to form distal 
guidewire tube 22 is placed over the transition zone of proximal guidewire tube 21 and 

25 the proximal portion of distal guidewire tube 22. The sleeve is chemically bonded to 
proximal guidewire tube 21. In addition, the polymeric tube is heated to bond it to 
distal guidewire tube 22. This heating also melts the plastic of the sleeve so it extends 
into the depth of the perforations for a stronger bond between the sleeve and proximal 
guidewire tube 21 . The plastic filled perforations facilitate guidewire movement through 

30 proximal guidewire tube 21 because the guidewire would not extend into any of the 
perforations. In addition, the fatigue resistance and stiffness of the transition zone 
increases when the perforations are filled with the plastic. 
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10 



CLAIMS 

I claim: 

1 . A catheter (1 0) comprising: 

(a) an inner tube comprising 

(i) a non-perforated proximal section having a distal end with 

a first flexibility; 

(ii) a non-perforated distal section having a proximal end with 
a second flexibility; and 

(iii) a transition section intermediate the proximal section and the 
distal section, the transition section having one or more openings therein, with the 
transition section being configured to provide a flexibility which is greater than the first 
flexibility of the distal end of the proximal section and which flexibility is less than the 
second flexibility of the proximal end of the distal section; and 

(b) an outer tube positioned around the inner tube. 

15 2 ' The catheter (10) of claim 1 wherein the proximal inner tube section is 

metallic. 

3. The catheter (1 0) of claim 1 wherein one or more of the openings have 
beveled edges. 

4. The catheter (1 0) of claim 2 wherein one or more of the openings have 
20 beveled edges. 
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